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Valve for an Exhaust Pipe 



The invention relates to an exhaust pipe valve. 
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Such exhaust pipe valve can be used in a plurality of applications, for example 
emissions, engine performance, acoustics and heat management. In the following, 
the valve will be described which is used for controlling flow of the exhaust gas 
through an exhaust gas heat exchanger as is used for an auxiliary heating system. 

An auxiliary heating system is increasingly used in vehicles having modem 
combustion engines with low fuel consumption. These combustion engines 
produce, due to their high efficiency, only a small amount of lost heat which is 
available for the heating system for the vehicle. This results in a reduced heating 
performance of the heating system, which is considered as uncomfortable by the 
vehicle occupants. Accordingly, systems were being developed which use a heat 
exchanger arranged in the exhaust system of the vehicle. The heat exchanger 
allows to gain a certain proportion of the heat of the exhaust gas which then is 
available for heating the interior of the vehicle. 



Such systems typically have an exhaust gas duct in which the heiat exchanger 
is arranged, and a bypass duct. By controlling the proportion of the overall 
exhaust gas flowing through the heat exchanger duct, . a desired heating 
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characteristic of the system can be obtained. To this end, the exhaust pipe valve is 
provided which is controlled depending from external parameters. 

Two embodiments of such systems are now described with reference to 
Figures 1 and 2. In both systems, the exhaust gas enters in the direction of arrow P 
5 from the right side as regards the drawings. The system offers a heat exchanger 
duct 5 with a heat exchanger 7. for the exhaust gas, and a bypass duct 9. An 
exhaust pipe valve 10 is used for controlling the flow of the exhaust gas through 
heat exchanger duct 5 and bypass duct 9. . 

In the embodiment of Figure 1, the proportion of the gas flow through the 
ducts is controlled by varying the flow resistance of bypass duct 9. When valve 10 
is in its completely opened position, the flow resistance of bypass duct 9 is 
significantly less than the flow resistance of heat exchanger 7 in heat exchanger 
duct 5, resulting in almost no gas flow through the heat exchanger. When valve 10 
is in its completely closed position, the gas flow through bypass duct 9 is blocked, 
and the gas flows completely through heat exchanger 7, apart from a small 
leakage flow past valve 10. Controlling the position of the valve in intermediate 
positions allows to obtain any desired proportion of the gas flow through both 
ducts. 

In the embodiment of Figure 2, the gas flow is controlled directly by operating 
valve 10 such that the inlet opening of heat exchanger duct 5 or bypass duct 9 is 
opened or closed. Here again, intermediate positions of valve 10 allow to obtain 
any desired proportion of the gas flow through the ducts. 

The valves used for controlling the exhaust gas flow through the ducts pose 
two main problems. First, the valves must withstand high operating temperatures 
25 and sharp increases of their operating temperature while having a lifetime of 10 to 
15 years'. Second, the valves must prevent any leakage of exhaust gas from the 
exhaust gas side of the valve towards the exterior as such valves are typically 
employed upstream of a catalytic converter such that the leaking exhaust gas has 
not yet been purified. 





Prinz & Partner 
A 2700 DE 



-3/12- 



17 February 2003 



If the valve is used in other applications, e.g. diesel heat recovery systems 
where no catalytic converter is used, prevention of leakage is nevertheless of high 
importance, for instance for acoustic performance and thermal management. 

The object of the invention is to provide an exhaust pipe valve which is 
reliable, has a long lifetime and only a small leakage of exhaust gas. 

To this end, the invention provides an exhaust pipe valve having a housing, a 
bearing sleeve mounted in the housing, a valve spindle rotatably mounted in the 
bearing sleeve, and a valve plate mounted at the valve spindle, the bearing sleeve 
having a primary bearing surface on its side facing the valve plate, the valve 
spindle having a primary sealing surface cooperating with the primary bearing 
surface of the bearing sleeve, a washer being arranged on the valve spindle for 
cooperation with the bearing sleeve on its side facing away from the valve plate, 
and a spring being provided which biases the primary sealing surface of the valve 
' spindle against the primary bearing surface of the bearing sleeve while biasing the 
washer against the bearing sleeve. This valve is of simple construction which is a 
precondition for a long lifetime. The bearing sleeve provides both for a seal 
against leakage of the exhaust gas towards the exterior and for a bearing in which 
the valve spindle is rotatably mounted. 

Preferably, a secondary bearing surface is formed on the side of the bearing 
sleeve facing away from the valve plate, and a secondary sealing surface is 
formed on the washer for cooperation with the secondary bearing surface. 
Provision of the sealing surfaces and the bearing surfaces on both sides of the 
bearing sleeve improve the sealing effect and the stability of the bearing. 

Preferably, the sealing surfaces and the bearing surfaces are conical. This 
allows to precisely center the valve spindle within the bearing sleeve. Further, the 
sealing qualities are improved. . - 

According to the preferred embodiment of the invention, the spring is arranged 
between a nut mounted on the valve spindle and the washer. The spring preferably 
is a spring washer made from Inconel. As there is no relative movement between 
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the nut and the washer, friction losses occurring during rotation of the valve 
spindle are low. Further, the spring allows for compensation of thermal expansion 
of the components of the valve occurring during operation. The spring is 
preferably designed such that the biasing force provided remains essentially 
constant over the entire range of operating temperatures. The material of the 
spring is chosen such that the spring characteristic is not effected by the operating 
temperatures of the valve. 

According to the preferred embodiment of the invention, the valve spindle is 
made from a material offering good heat resistance, for example steel with 
Werkstoff No. 1.4122 or 1.4104. Preferably, the sealing surface formed on the 
valve spindle is formed on a radially projecting shoulder formed integrally with 
the valve spindle. 

In order to improve the sealing qualities between the valve spindle and the 
bearing sleeve, the valve spindle is preferably at least partially provided with a 
ceramic coating. The coating is at least provided on the primary sealing surface of 
the valve spindle. The ceramic coating ensures that the valve spindle can be 
rotated relatively to the bearing sleeve over a long lifetime and under high 
operating temperatures which may be in the ' region of up to 800°C. 
Simultaneously, the ceramic coating provides for a low surface roughness 
resulting in good sealing properties. The ceramic coating preferably contains Ti, 
Al, and Cr. Additionally, Y and N may be present. Still further, a second ceramic 
coating may be provided over the first coating, this second coating containing Ti, 
Al and N. 

Depending from constructional preconditions, the valve plate may be mounted 
centrically at the valve spindle or eccentrically. In any case, the valve spindle is 
preferably supported on only one side of the valve plate, resulting in low frictional 
losses and less strict requirements as regard the tolerances since it is not required 
to concentrically arrange two bearings on one side and the other of the valve plate. 
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In case higher loads act on the valve spindle, a second bearing on the opposite 
side of the valve plate may be used. 

According to the preferred embodiment of the invention, the bearing sleeve is 
mounted in the housing with a press-fit, preferably in the interior of a cylindrical 
portion of the housing. The press-fit eliminates the need for additional means for 
positioning or holding the bearing sleeve, means which otherwise could present 
problems as regards thermal expansion. A particularly suitable material for the 
bearing sleeve is steel with Werkstoff No. 1.4122 or 1.4104.. 

The invention will hereinafter be described by means of a preferred 
embodiment which is shown in the enclosed drawings. In the drawings, 

- Figure 1 schematically shows a first embodiment of an exhaust gas heat 
exchanger system employing a valve according to the invention, 

- Figure 2 schematically shows a second embodiment of the system employing a 
valve according to the invention, 

- Figure 3 shows in an exploded yiew the valve used in the system of Figure 1, 

- Figure 4 shows in a sectional view the valve employed in the system of Figure 2, 

- Figure 5 shows a sectional view of the valve shoAyn in Figure 4, 

- Figures 6 to 9 schematically show the process of mounting the valve. 

Figure 3 shows an exploded view of the valve according to the invention, 
employed in the system shown in Figure 1. The valve comprises a housing 12 
which is part of bypass duct 9. In the interior of housing 12, a valve plate 14 is 
rotatably mounted. The contour of valve plate 14 corresponds to the inner contour 
of bypass duct 9 in housing 12. 

Valve plate 14 is attached to a valve spindle 16 formed from heat resistant 
steel, in particular from steel with Werkstoff No. 1.4122 or 1.4104. For the valve 
plate, Werkstoff No. 1.4301 is particularly suitable. Valve spindle 16 comprises a 
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radial shoulder 18 formed integrally with the valve spindle. Shoulder 18 is 
provided with a conical sealing surface 20 on its side facing away from valve 
plate 14. 

Valve spindle 16 is rotatably mounted within a bearing sleeve 22 formed from 
steel with Werkstoff No. 1.4122 or 1.4104. On its side facing shoulder 18, bearing 
sleeve 22 is provided with a conical bearing surface 24. The inclination of bearing 
surface 24 corresponds to the inclination of sealing surface 20, with both surfaces 
forming an angle of approximately 20° with a radially extending plane. 

Shoulder 16 is provided with a coating, in particular in the region of sealing 
surface 20. This coating is made from a ceramic material comprising Ti, Al, Cr, Y 
and N. Over this first coating, a second coating is provided containing Ti, Al and 
N. These coatings provide a smooth, durable surface so that sealing surface 20 ur 
cooperation with bearing surface 24 forms a primary seal almost entirely 
preventing any leakage of exhaust gas. 

On its side facing away from valve plate 14, bearing sleeve 22 is provided 
with a secondary bearing surface 26 which is also formed conical. Secondary 
bearing surface 26 cooperates with a secondary, conical sealing surface 28 formed 
on a washer 30. Secondary sealing surface 28 is also formed conically. Washer 30 
is formed from a thermally resistant material, in particular steel with Werkstoff 
No. 1.4122 or 1.4104. The coating described with regard to sealing surface 20 can 
also be provided on sealing surface 28 of washer 30. - 

A spring washer 32 made from Inconel is arranged on the side of washer 30 
facing away from valve plate 14. Spring washer 32 is compressed by means of a 
nut 34 threaded on a thread 36 on valve spindle 16, with an operating lever 38 
being arranged between nut 34 and spring washer 32. Operating lever 38 is acted 
on by a stepper motor or any comparable actuation unit allowing to position valve 
plate 14 in any desired orientation. 

The valve shown in Figures 4 and 5 corresponds to the valve shown in Figure 
3 as regards the bearing of valve spindle 14. The main difference is that valve 
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plate 14 is not essentially circular and mounted centrically to valve spindle 14, but 
extends eccentrically from valve spindle 14. Both valves have in common that the 
valve plate is supported on only one of its sides. This is possible since bearing 
sleeve 22 has a certain extent in the axial direction, leading to a comparatively 
large distance between the primary and the secondary bearing surfaces. This 
distance provides a stability which is sufficient for counteracting any tilting loads 
introduced by valve plate 14, without requiring an additional bearing on the 
opposite side of valve plate 14. 

Figures 6 to 9 show the steps of mounting the bearing for valve spindle 14. In 
a first step shown in Figure 6, bearing sleeve 22 is arranged on valve spindle 16 
such that bearing surface 24 cooperates with sealing surface 20. In order to 
prevent seizure, there is a significant clearance C between the inner opening of 
bearing sleeve 22 and valve spindle 16. 

In a second step shown in Figure 7, bearing sleeve 22 is pressed into a 
cylindrical portion 40 provided on housing 12. The dimensions of cylindrical 
portion 40 and bearing sleeve 22 are such that there is a press-fit between the 
bearing sleeve and the housing. The friction resulting from the press-fit is 
sufficient to securely hold bearing sleeve 22 at its place, without additional 
holding means being required. As can be seen in Figure 7, a significant clearance 
C is provided between radial shoulder 18 of valve spindle 16 and cylindrical 
portion 40 of the housing. This again prevents seizure. As can be further seen in 
Figure 7, cooperation of bearing surface 24 with sealing surface 20 forms a 
primary seal S which prevents leakage of exhaust gas from the interior of the 
housing. 

In a third step shown in Figure 8, washer 30 is mounted on valve spindle 16 
such that secondary sealing surface 28 of washer 30 cooperates with secondary 
bearing surface 26 of bearing sleeve 22, thereby forming a secondary seal. Washer 
30 is dimensioned such that there is a very close running clearance, R between the 
inner opening of washer 30 and valve spindle 16. Close clearance R ensures that 
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valve spindle 16 is correctly centered within washer 30, thereby ensuring precise 
positioning of valve plate 14. 

As shown in Figure 9, spring washer 32 and operating lever 38 are mounted on 
valve spindle 16, and nut 34 is tightened so as to preload spring washer 32. The 
preload is chosen such that there is a good compromise between low functional 
forces between valve spindle 16 and bearing sleeve 22 on the one hand, and small 
leakage past the primary and secondary seals. 
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Claims 

1. Exhaust pipe valve having a housing (12), a bearing sleeve (22) mounted 
in the housing, a valve spindle (16) rotatably mounted in the bearing sleeve, and a 
valve plate (14) mounted at the valve spindle, the bearing sleeve (22) having a 
primary bearing surface (24) on its side facing the valve plate, the valve spindle 
having a primary sealing surface (20) cooperating with the primary bearing 
surface of the bearing sleeve, a' washer (30) being arranged on the valve spindle 
for cooperation with the bearing sleeve on its side facing away from the valve, 
plate, and a spring (32) being provided which biases the primary sealing surface 
(20) of the valve spindle (14). against the primary bearing surface (24) of the 
bearing sleeve (22) while biasing the washer (30) against the bearing sleeve (22). 

2. The exhaust pipe valve according to claim 1, characterized in that a 
secondary bearing surface (26) is formed on the side of the bearing sleeve (22) 
facing away from the valve plate, and in that a secondary sealing surface (28) is 
formed on the washer (30) for cooperation with the secondary bearing surface. 

3. The exhaust pipe valve according to claim 1 of claim 2, characterized in 
that the sealing surfaces (20, 28) are conical. 

4. The exhaust pipe valve according to any of the preceding claims, 

characterized in that the bearing surfaces (24, 26) are conical. 

> . ■ ■ 

5. The exhaust pipe valve according to any of the preceding claims, 
characterized in that the spring (32) is arranged between a nut mounted on the 
valve spindle and the washer. 

6. The exhaust pipe valve according to claim 5, characterized in that the 
spring is a spring washer (32). " 

7. The exhaust pipe valve according to claim 6, characterized in that the 
spring washer (32) is made from Inconel. 
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8. The exhaust pipe valve according to any of the preceding claims, 
characterized in that the valve spindle (14) is made from steel with Werkstoff No. 
1.4122 or 1.4104. 

9. The exhaust pipe valve according to any of the preceding claims, 
5 characterized in that the valve plate (14) is mounted centrically at the valve 

spindle (16) and cooperates with the inner wall of the housing (12). 

10. The exhaust pipe valve according to any of claims 1 to 8, characterized in 
that the valve plate (14) is mounted eccentrically at the valve spindle (16) and 
cooperates with two valve seats provided in the interior of the housing (12). 

10 11. The exhaust pipe valve according to any of the preceding claims, 

characterized in that a, lever (38) is attached to the valve spindle (16) for operation 
of the valve plate (14). 

12. The exhaust pipe valve according to any of the preceding claims, 
characterized in that the bearing sleeve (22) is mounted in the housing (12) with a 

15 press-fit. 

13. The exhaust pipe valve according, to claim 12, characterized in that the 
housing comprises a cylindrical portion (40) in the interior of which the bearing 
sleeve (22) is mounted. 

14. The exhaust pipe valve according to any of claims 1 to 1 1, characterized in 
20 that the bearing sleeve (22) is fixed in the housing (12) in a form-locking manner. 

15. The exhaust pipe according to any of the preceding claims, characterized 
in that the bearing sleeve (22) is made from steel with Werkstoff No. 1.4122 or 
1.4104. 

16. An exhaust pipe valve, in particular according to any of the preceding 
25 claims, having a valve spindle (14) which is at least partially provided with a. 

ceramic coating. 
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17. The exhaust pipe valve according to claim 16, further having a washer (30) 
which is at least partially provided with a ceramic coating. 

18. The exhaust pipe valve according to any of claims 16 and 17, characterized 
in that the ceramic coating' contains Ti, Al and Cr. 

19. The exhaust pipe valve according to claim 18, characterized in that the 
ceramic coating further contains Y and N. 

20. The exhaust pipe valve according to claim 19, characterized in that a 
second ceramic coating is provided over the first coating, the second coating 
containing Ti, Al and N. 
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